Amaç: Robot yardımlı radikal prostatektomi (RYRP) ameliyatlarında preoperatif bağırsak hazırlığı ve intraoperatif sıvı kısıtlaması dehidratasyona ve elektrolit dengesizliğine neden olabilmektedir. Bu hastalarda yatış öncesi anestezi polikliniğinde "normal" olarak değerlendirilen labaratuvar değerleri anestezi uygulaması esnasın-da yanıltıcı olabilmekte ve hipokalsemi ve hipokalemiye bağlı kalp ritmi bozukluklarına, depolarizan blokta uzamaya ve anesteziden derlenmenin gecikmesine neden olabilmektedir. Biz çalışmamızda RYRP ameliyatlarında bağırsak temizliği ve sıvı kısıtlamasının preoperatif (T1) alınan labaratuvar değerleri ile ameliyat başlangıcın-da (T2) ve ameliyatın 6. saatinde (T3) alınan labaratuvar değerleri arasında bu tip yan etkilere yol açabilecek derecede farklılığa sebep olup olmadığını araştırmayı amaçladık.
Introduction
P rostate cancer is the most frequently seen cancer of the male reproductive system and often occurs in the 5 th and 6 th decades of life. The presence of comorbidities in patients of this age renders the pre-anaesthesia workup more important.
As in many forms of surgery, the use of minimally invasive surgical techniques in urologic surgery has reduced postoperative complications, shortened hospital stay and increased patient satisfaction. However, as this surgical technique is not minimally invasive from the anaesthetist's perspective, several risks may be caused by aggressive bowel preparation applied preoperatively, in addition to perioperative fluid restriction and excessive Trendelenburg position.
In current practice, anaesthesia applications are made on the basis of the patient's examination and laboratory test values (1), although bowel preparation and fluid restriction applied to patients who will undergo major abdominal surgery may cause the laboratory values seen preoperatively to be misleading, particularly in respect of electrolytes. This may be the reason for unwanted side effects that are seen, secondary to electrolyte imbalance, during the application of anaesthesia.
Preoperative preparation begins in the department where the patient has been admitted. Preparation protocols are defined in each clinic according to the type of surgery to be applied. In major abdominal and pelvic surgery, the importance of nutritional support that is started preoperatively, antibiotic prophylaxis, deep vein thrombosis prophylaxis and bowel preparation is known, but there is no standardisation on the bowel preparation topic. The aim of bowel cleaning is to reduce the bacterial load of the intestinal contents as much as possible. Bowel preparation can be applied in two ways: mechanical preparation and antibiotic application. Mechanical bowel preparation aims to reduce the amount of faeces, and antibiotic application aims to reduce the amount of bacteria in the faeces (2, 3).
In the process from pre-anaesthetic examination to the operating theatre, bowel preparation applied to patients for whom major abdominal surgery is planned may cause fluid electrolyte shifts and dehydration. In robot-assisted radical prostatectomy procedures, a factor that can increase dehydration is fluid restriction, which is applied to this patient group to prevent a percentage of oedema of the respiratory mucosa depending on the position and to not have an impaired surgical view during ureterovesical anastomosis. In addition, the steep Trendelenburg position given during surgery may mask the expected clinical symptoms of dehydration (4, 5) . In these patients, due to bowel preparation and fluid restriction, metabolic acidosis may be seen with electrolyte imbalances, such as hypocalcaemia, hypokalaemia and hypernatraemia, and these may cause clinical arrhythmia, prolonged muscle relaxation, prolongation of recovery from anaesthesia and even acute tubular necrosis and renal failure (6) (7) (8) .
In this study, we aimed to determine the effects of aggressive bowel preparation on the laboratory test values of patients who were evaluated in the anaesthesia examination based on Turkish Anaesthesia and Reanimation Society (TARD) guidelines of pre-anaesthetic evaluation. The effects of fluid restriction were also examined to determine whether or not it causes dehydration, electrolyte imbalance, acidosis and renal impairment during the operation by comparing preoperative (T1) laboratory test values with values at the beginning of the operation (T2) and values at the 6 th hour of the operation (T3).
Methods
Approval for the study was granted by the ethics committee of Umraniye Training and Research Hospital, Istan- + and specific gravity of urine. Patients were admitted to the relevant clinic 24 hours before the operation. The night before the surgery, bowel preparation was made with a rectal enema of sodium biphosphate/sodium phosphate (NaH 2 PO 4 -Na 2 HPO 4 ) twice in 12 hours and one single dose of oral laxative soda sodium biphosphate/sodium phosphate (NaH 2 PO 4 -Na 2 HPO 4 ). Oral intake was stopped 8 hours before the surgery. Patients were taken to the operating room 8 hours after the last dose of bowel preparation. In the operating room (T2), blood and urine samples for ABG, Na, Cl, Ca, K, BUN, Crea, AST, ALT and specific gravity of urine were taken from the patients. During the surgery, 1 mL kg -1 h -1 0.09% NaCl and 1 mL kg -1 h -1 6% HES 200/05 infusions were applied, and the steep Trendelenburg position was given after the anaesthesia induction, and haemodynamic data, mean arterial pressure (MAP) and heart rate were recorded. At 6 hours from the beginning of the operation (T3), blood and urine samples were retaken. Patients were discharged with control laboratory tests, including the same parameters, 48 hours postoperatively.
Statistical analysis
For all the statistical analyses, the Number Cruncher Statistical System (NCSS) 2007&Power Analysis and Sample Size (PASS) 2008 statistical software (Utah, USA) program was used. In the evaluation of the study data, besides descriptive statistical methods (mean, standard deviation, median, minimum, maximum), the repeated-measures test was used in the comparison between the 3 follow-up intervals of the parameters showing normal distribution, and the Bonferroni test was used in the post hoc evaluation. A level of p<0.05 was accepted as statistically significant.
Results
The 49 patients had a median BMI of 28.43 kg m 2-1 (range 25-35 kg m 2-1 ), and the median age was 61.78 years (range, 50-78 years). The median duration of general anaesthesia was 212.65 minutes (range 180-260 min), and the median time in the Trendelenburg position was 182.76 minutes (range 140-220 min) ( Table 1) The K + level at T2 was significantly lower than at T1 and T3 (p=0.001, p=0.003, p<0.01) (p=0.101). The Cl -levels at T2 and T3 were significantly higher than at T1 (p=0.001, p=0.001, p<0.01). The Ca ++ levels at T2 and T3 were significantly lower than at T1 (p=0.004, p=0.001, p<0.01), and the level at T3 was also significantly lower than at T2 (p<0.01). The Crea level at T3 was significantly higher than at T1 and T2 (p=0.001, p=0.001, p<0.01). The urine specific gravity levels at T2 and T3 were significantly higher than at T1 (p=0.001, p=0.001, p<0.01), and the level at T3 was also significantly higher than at T2 (p<0.05) ( Table 2 ).
Discussion
Tests that are requested for patients in the anaesthesia clinic are defined according to specific disease, age and ASA evaluation. Taking potential complications and existing comorbidities into account, the basic laboratory tests have been defined as blood count, coagulation profile and the examination of liver enzymes with serum electrolytes (1). Routine anaesthesia applications are made on the basis of clinical laboratory values when there is no requirement for new laboratory tests.
Preoperative preparation begins in the department where the patient has been admitted. Preparation protocols are defined in each clinic according to the type of surgery to be applied.
Many solutions are used for bowel preparation. When current side effect profiles are taken into consideration, polyethylene glycol-electrolyte (PEG) solutions with sodium phosphate (NaP) solutions are preferred over prokinetic and laxative agents (9) . As PEG solutions have a high volume, the salty taste and sulphur smell have a negative effect on patient tolerance (10) . As NaP preparations have a low volume and are better tolerated, they are preferred more by clinicians. However, NaP solutions may cause severe fluid-electrolyte shifts and acute phosphate nephropathy (9, 11) .
In retrospective studies conducted on laparoscopic radical prostatectomy and colorectal surgery, no difference has been determined in terms of complications between cases who underwent mechanical bowel preparation and those did not (3, 12) . However, in many countries, including Turkey, bowel cleansing is still applied routinely before major abdominal surgery.
In the current study, as the urology clinic protocol required, patients were admitted to the relevant department 1 day preoperatively, and a nutritional regimen was started. Then, bowel preparation was made with a rectal enema of sodium biphosphate/sodium phosphate (NaH 2 PO 4 -Na 2 HPO 4 ) twice in 12 hours and with a single dose of oral laxative soda sodium biphosphate/sodium phosphate (NaH 2 PO 4 -Na 2 HPO 4 ). None mab100  mab75  mab70  mab60  mab55  mab50  mab0  mab5  mab10  mab15  mab20  mab25  mab30  mab35  mab40  mab45  mab65  mab80  mab85  mab90  mab95  mab125  mab120  mab115  mab110  mab105 Average MAP Turk J Anaesth Reanim 2015; 43: 100-5 of the patients showed toleration problems, and 2 of them had transient mild abdominal pain. Patients were taken to the operating room 8 hours after the last dose of bowel preparation.
After removal of cancerous prostate tissue in RARP operations, anastomosis is made between the ureter and the bladder. During the application of anastomosis, urine coming from the ureter may obscure the surgical visual field in the pelvic cavity (5).
The application of intraoperative fluid restriction is helpful in reducing the outflow of urine and provides an improved surgical field of vision during anastomosis between the bladder neck and ureter. In addition, fluid restriction reduces the airway oedema and facial oedema, which occur with the steep Trendelenburg position (13, 14) .
In RARP operations, a practical approach in fluid replacement is recommended as a 1-L bolus of lactated Ringer's solution before ureterovesical anastomosis and 1 L after completion of ureterovesical anastomosis and 2 L of crystalloid given throughout all cases and then continued at 150 mL h -1 for 12-24 hours (12, 14, 15) . In some studies (5), fluid replacement is recommended as 30 mL kg -1 h -1 of hourly urine outflow after anastomosis, although in this method, the time to anastomosis can not be evaluated due to urine drainage into the abdominal cavity.
In the current study, due to possible variations in the duration of the operation, a standard infusion of 1 mL kg -1 h -1 0.09% NaCl with 1 mL kg -1 h -1 0.6% HES 200/05 was started following anaesthesia induction and was continued throughout the operation in all cases.
Since 2007, more than 450 robotic radical prostatectomy operations have been performed in our clinic. During that time, difficulties were experienced in the early cases related to impairment of the surgical view, as fluid restriction was not applied. More recently, in light of both our own experience and information in the literature, we created a perioperative fluid restriction protocol, as used in this current study in robotic surgery. From the patients who were followed up with this protocol, there have been no complications, such as leakage of anastomosis, or complaints from surgeons of the loss of surgical vision due to urine drainage.
The effect of gravity in the steep Trendelenburg position may cause oedema in the face, eyes and upper respiratory tract mucosa. Therefore, crystalloids are recommended together with colloids (5). As severe facial and conjunctival oedema was seen in the first cases to which we applied robotic surgery, we started to use a crystalloid-colloid combination in fluid restriction, and this risk was significantly reduced.
In the current study, although the anaesthesia technique, fluid restriction regimen, BMI and position were almost standard between the patients, facial oedema was observed in 63.3% (n=31) of the cases included. Conjunctival oedema was observed in 55.1% (n=27) of cases. We concluded that the facial oedema was related to the gravity force and structure of the connective tissue of the patients.
Previous studies have shown that fluid restriction and bowel preparation in patients cause a slight rise in creatinine values (4, 5) . Most of the time, this is corrected before the patient is discharged from the hospital (4, 5) . In the current study, although the creatinine values at 6 hours (T3) were determined as statistically significantly high compared to those in the polyclinic (T1) and at the start of the operation (T2), there was no statistically significant increase in BUN values. In addition, due to the reference value intervals of these values, they were not used as a clinical marker of increased creatinine and kidney damage. No statistically significant increase in creatinine or BUN was determined in any patient at the laboratory examination before discharge compared with the polyclinic values.
In RARP patients, hypovolemia due to routine preoperative bowel preparation and intraoperative fluid restriction may be a strong cause of perioperative dehydration (16) . Hypotension, which is one of the most common clinical signs of dehydration, may be masked in this patient group due to the volume effect of the steep Trendelenburg position, which was given following anaesthesia induction. In the current study, due to the effect of intubation, MAP values at 5 and 10 minutes were found to be significantly higher than the initial values. Hypovolemic patients are sensitive to the vasodilator and the negative inotropic effects of volatile anaesthetics, barbiturates and agents, which induce histamine release. The decrease at the 20 th minute was thought to be related to the depressant effect of the anaesthetic agents due to hypovolemia. After 20 minutes of induction, a steep Trendelenburg position was given to the patient. The volume effect of this position masked hypotension, and no significant decreases were seen in MAP values during the operation (Figure 1 ).
It is unfortunate that most of the literature about bowel preparation is related to endoscopic and colonoscopic procedures. No literature could be found related to bowel preparation and fluid restriction with patients under general anaesthesia. Therefore, the findings of the current study could not be compared with other studies, but to create awareness of this subject, potential complications and similar studies were examined.
The preoperative laboratory values of these patients to whom mechanical bowel preparation and fluid restriction were applied may be different and misleading, especially in respect of electrolytes. In addition, bowel preparation and fluid restriction applied during the operation may cause hyperphosphataemia, hyponatraemia, hypokalaemia and hypocalcaemia with acute tubular necrosis, metabolic acidosis and renal impairment in this group of patients (17) (18) (19) .
Even though a particular interaction has not been defined during general anaesthesia and hyperphosphataemia, the renal functions must be carefully evaluated (20) . As the vasodilator and cardiac depression effects of anaesthetics become more severe, hypernatraemia can lead to hypotension and tissue hypoperfusion. In animal experiments, hypernatraemia has also been shown to increase the MAC of volatile anaesthetics (20) . Hypokalaemia causes hyperpolarisation in the cardiac cells, which may be encountered as ectopic tachycardia and delayed transmission.
In patients who will undergo cardiac surgery, K + <3.5 mEq L -1 is related to increased perioperative dysrhythmias, especially with the incidence of atrial fibrillation/flutter. In some patients, hypokalaemia may cause increased neuromuscular blocker sensitivity, so their dosage should be reduced by 25%-50%, and monitoring should be applied with a nerve stimulator (21) . Cardiovascular function may be impaired in hypocalcaemia, and cardiac failure, hypotension, impaired rhythm, digital insensitivity and impaired β adrenergic effects may occur. Hypocalcaemia may also potentially activate the negative inotropic effects of barbiturates and volatile anaesthetics (22) . These disturbances may result in hypotension, arrhythmia and prolonged muscle relaxation in critically ill patients during anaesthetic administration.
In the current study, the patients were evaluated in the clinic preoperatively, at 6 hours after the start of the operation and before discharge with laboratory tests that are routinely used in practice. No statistically significant change was determined in the AST, ALT, Na and urea measurements.
In addition, the statistically significant reductions found in the K + and Ca ++ values preoperatively (T2) compared to the values seen in the clinic (T1) were not evaluated as hypokalaemia and hypocalcaemia clinically because of the reference value intervals. Severe dysrhythmias or cardiac depression that is thought to be associated with hypokalaemia and hypocalcaemia was not seen in any patient in anaesthesia induction and maintenance.
The specific gravity of urine with Cl -values preoperatively (T2) and at 6 hours after the start of the operation (T3) was determined as high compared to the preanaesthetic values (T1) and were evaluated as findings supporting dehydration. Although the increase in creatinine values at this level of dehydration was statistically significant at the 6th hour, as this increase was within the reference range, and the increase in BUN values were not statistically significant, the conclusion was reached that renal function was not greatly affected in the ASA I-II patient group.
The laboratory values of all patients were evaluated as being within normal limits prior to discharge, and no statistical difference was observed in comparison with the preanaesthetic values. No cardiac dysrhythmia was observed in any of the patients in the study, but in 4 patients, the 10-minute Aldrete score was determined to be low. This is thought to be due to the exclusion of patients with co-morbidities in the ASA I-II patient group of this study.
As the patient group that was selected for inclusion in the study comprised ASA I-II patients without any renal or liver disease, the predicted increases and decreases in laboratory values, which would not create a clinical effect, were observed. The application of the study to patients in the ASA III-VI patient group would enable a greater awareness of the problems that may be encountered in the anaesthesia of these patients.
Conclusion
In spite of the fact that there were no severe increases or decreases in laboratory test values ( Table 2 ) that reflected on the clinical outcome in the ASA I-II patient group due to bowel preparation and fluid restriction in RARP operations, these changes may be important in critically ill or ASA III-IV patients. In these patients, laboratory results that are considered "normal" in the pre-anaesthesia clinic may be misleading, and cardiac arrhythmia due to hypokalaemia and hypocalcaemia, as well as problems, such as prolonged non-depolarising blockade and delayed recovery from anaesthesia, may be observed during practice.
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In conclusion, it should be kept in mind that dehydration can be masked in patients scheduled for RARP operations. In the preoperative period, it would be appropriate to give balanced electrolyte solutions to these patients in order to prevent electrolyte disorders that may occur during preoperative bowel preparation. After this study, routine administration of balanced electrolyte solutions was implemented in our clinic after intestinal preparation applied the night before surgery in RARP patients.
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